The correlation between active galactic nuclei (AGN) and environment provides important clues to AGN fueling and the relationship of black hole growth to galaxy evolution. In this paper, we analyze the fraction of galaxies in clusters hosting AGN as a function of redshift and cluster richness for X-ray detected AGN associated with clusters of galaxies in Dark Energy Survey (DES) Science Verification data. The present sample includes 33 AGN with L X > 10 43 ergs s −1 in non-central, host galaxies with luminosity greater than 0.5L * from a total sample of 432 clusters in the redshift range of 0.1 < z < 0.95. Analysis of the present sample reveals that the AGN fraction in red-sequence cluster members has a strong positive correlation with redshift such that the AGN fraction increases by a factor of ∼ 8 from low to high redshift, and the fraction of cluster galaxies hosting AGN at high redshifts is greater than the low-redshift fraction at 3.6σ. In particular, the AGN fraction increases steeply at the highest redshifts in our sample at z > 0.7. This result is in good agreement with previous work and parallels the increase in star formation in cluster galaxies over the same redshift range. However, the AGN fraction in clusters is observed to have no significant correlation with cluster mass. Future analyses with DES Year 1 through Year 3 data will be able to clarify whether AGN activity is correlated to cluster mass and will tightly constrain the relationship between cluster AGN populations and redshift.
INTRODUCTION
Galaxies are a key component in the formation of large scale structure; however, their evolution and the mechanisms driving it on large time scales are not well-understood. All massive galaxies are thought to host a supermassive black hole (SMBH) (e.g. Ford et al. 1998) , and observational studies have shown that the size of this SMBH is correlated with various properties of its host galaxy, such as the velocity dispersion of the central bulge (e.g. Ferrarese & Merritt 2000; Gebhardt et al. 2000; Haehnelt & Kauffmann 2000; Tremaine et al. 2002; Graham 2016) and central bulge formation (e.g. Xu et al. 2007; Graham 2016) . Hence, one can infer that the evolution of the central SMBH and its host galaxy are intimately connected.
Black holes at the centers of galaxies become active when there is a large influx of gas onto the black hole that could arise from major mergers (e.g. Sanders et al. 1988; Barnes & Hernquist 1991; Hopkins et al. 2006) , particularly for the most luminous active galactic nuclei (AGN). Lower luminosity AGN may instead be fed by minor mergers, recycled stellar material, or bars (e.g. Simkin et al. 1980; Noguchi 1988; Genzel et al. 2008; Georgakakis et al. 2009; Rumbaugh et al. 2012; Goulding et al. 2014) . When there is no more gas to accrete, the black hole returns to its dormant state. Thus, it is theorized that AGN are just a phase of evolution that every galaxy experiences. Any mechanism that adds to the inflow of cold gas into a galaxy has the potential to ignite star formation as well as AGN activity. In fact, there is a correlation between AGN activity and star formation in galaxies and the two show similar cosmic evolution (e.g. Terlevich et al. 1990; Franceschini et al. 1999; Kauffmann et al. 2003; Rumbaugh et al. 2012; Goulding et al. 2014) . AGN feedback is then thought to regulate galactic star formation, stripping the galaxy of the conditions necessary for stellar nurseries to form (e.g. Silk & Rees 1998; Di Matteo et al. 2005; Hopkins et al. 2005; Cimatti et al. 2013; Rosario et al. 2013) .
Galaxies in clusters are known to evolve at different rates than galaxies in the field. For example, in the local Universe the bulk of galaxies in clusters exhibit little or no star formation compared to galaxies in the field; however, the fraction of star-forming cluster galaxies increases strongly with redshift (e.g. Butcher & Oemler 1984; Wilman et al. 2005; Poggianti et al. 2006; Saintonge et al. 2008; Haines et al. 2009 ). In the dense environments of clusters and groups different physical processes may influence galaxy evolution including galaxy-galaxy mergers and harassment (e.g. Richstone 1976; Aarseth & Fall 1980; Barnes 1985; Moore et al. 1996; Park & Hwang 2009) , strangulation (e.g. Larson et al. 1980; Balogh et al. 2000; Kawata & Mulchaey 2008; van den Bosch et al. 2008) , ram-pressure stripping (e.g. Gunn & Gott 1972; Abadi et al. 1999; McCarthy et al. 2008 ) and evaporation by the hot intracluster medium (Cowie & Songaila 1977) . These processes can hinder the availability and transport of cold gas to the galaxy. By extension, the lack of cold gas available to the galaxy affects AGN activity and evolution. In addition, galaxies in clusters appear to have formed on average earlier than similar mass galaxies in the field (e.g. van Dokkum & Franx 1996; Kelson et al. 1997) . Hence, the dependence of AGN activity on environment probes mechanisms driving AGN evolution as well as the correlation of AGN to star formation and galaxy growth which in turn depend on environment.
Studies have shown that at low redshifts, the fraction of galaxies in clusters hosting X-ray luminous AGN is lower than for field galaxies while the cluster AGN fraction is observed to be the same as the field AGN fraction at higher redshifts (z ∼ 1) (Eastman et al. 2007; Martini et al. 2009; Koulouridis & Plionis 2010; Martini et al. 2013) . Therefore, the cluster AGN fraction evolves more strongly leading to parity with field AGN at high redshift. It follows that a strong positive correlation between cluster AGN fraction and redshift is observed. This increase in cluster AGN activity with redshift parallels the increase in the fraction of star forming galaxies in groups and clusters over a similar redshift range (e.g. Butcher & Oemler 1984; Wilman et al. 2005; Poggianti et al. 2006; Saintonge et al. 2008; Haines et al. 2009; Erfanianfar et al. 2014) . Similarly, Alberts et al. (2016) find that the AGN fraction, with AGN selected based on their optical-IR spectral energy distributions (SEDs), increases with cluster redshift out to c 0000 The Authors z ∼ 2 with the cluster AGN fraction exceeding the field fraction at z > 1; the increase in AGN fraction mirrors an increase in star formation with cluster redshift also found by Alberts et al. (2016) . In addition, several studies have found that the AGN fraction in clusters increases with increasing distance from the cluster center with AGN fractions suppressed in cluster cores but reaching parity with the field at larger radii Pimbblet et al. 2013; Ehlert et al. 2014; de Souza et al. 2016) . A similar radial trend is also seen for star-forming galaxies in clusters; however, the detailed relationship between AGN and host galaxy properties appears to depend both on environment and on AGN selection method (e.g. Atlee et al. 2011; Klesman & Sarajedini 2012 . AGN host galaxies have also been found to have larger velocity dispersions than typical cluster members indicative of an infalling population (Haines et al. 2012) , and Koulouridis et al. (2016) find tentative evidence for an overdensity of X-ray AGN in superclusters, though their sample size is small.
Galaxies in groups are more likely to interact with one another, which could ignite AGN through mergers and close interactions (Shen et al. 2007; Sivakoff et al. 2008 ). In contrast, galaxies in dense cluster environments have velocity dispersions which are too high to allow bound pairs (Ghigna et al. 1998 ). This, combined with the greater effects of cluster processes for higher mass clusters might imply that the AGN fraction should be lower in clusters compared to galaxy groups. In fact, several works find that the AGN fraction in galaxy groups is higher than the AGN fraction in clusters (Sivakoff et al. 2008; Arnold et al. 2009; Oh et al. 2014; Koulouridis et al. 2014; Ehlert et al. 2015) though the trend is relatively mild. In contrast, the fraction of star-forming galaxies in groups and clusters is comparable at low redshifts down to group masses of ∼ 10 13 M⊙ (e.g. Jeltema et al. 2007; Balogh & McGee 2010; Erfanianfar et al. 2014) , though this fraction appears to increase with redshift more strongly in lower mass systems (e.g. Poggianti et al. 2006; Erfanianfar et al. 2014) .
In this paper we investigate the X-ray AGN fraction in redsequence galaxy members of clusters of galaxies discovered in the Dark Energy Survey Science Verification data. Clusters and their member galaxies are identified using the redMaPPer algorithm (Rykoff et al. 2014 with redshifts ranging from 0.1 to 0.95. We cross-match AGN detected in Chandra observations overlapping the DES Science Verification fields to the cluster member galaxies identified by redMaPPer. These data give us a large, uniformly selected sample of clusters with a wide range of optical richnesses and redshifts allowing us to probe AGN activity in clusters as a function of redshift and cluster mass. The outline of the paper is as follows: in §2 and §3 we present the selection of cluster galaxies, the X-ray analysis, and the AGN selection; §4 describes the determination of the AGN fraction; §5 the correlations of AGN fraction with cluster redshift and mass, and we summarize our results in §6.
CLUSTER GALAXY SAMPLE AND SELECTION
The Dark Energy Survey (DES) is covering ∼ 5000 deg 2 of the southern sky over a five year period in 5 bands (grizY ) using DECam, a 570 megapixel imager (Flaugher et al. 2015; Dark Energy Survey Collaboration et al. 2016) . In this paper, we utilize clusters discovered in pre-survey Science Verification (SV) February 2013 and processed by the DES data management system (Mohr et al. 2012) . The fields targeted in SV include a 139 deg 2 contiguous region in the South Pole Telescope East field (Story et al. 2013; Vikram et al. 2015; Chang et al. 2015) , supernova fields, and three targeted massive clusters (Melchior et al. 2015) . Clusters in this work were drawn from the ∼ 250 deg 2 SVA1 Gold data much of which is close to the expected full depth of the DES survey data. These data are suitable for extragalactic science and exclude portions of the SV data south of −61
• declination where proximity to the Large Magellanic Cloud leads to high stellar densities.
Clusters and their member galaxies were selected using the red-sequence Matched-Filter Probabilistic Percolation (redMaPPer) algorithm (Rykoff et al. 2014) . The DES SV redMaPPer cluster catalog is described in Rykoff et al. (2016) . As our study benefits from increased sample size and does not require the most conservative data quality cuts, we consider the expanded redMaPPer catalog as described in Rykoff et al. (2016) which includes clusters with 0.1 < z < 0.95 selected from a 208 deg 2 area after quality cuts. The catalog includes more than 16,000 clusters with richnesses of λ > 5 and more than 1300 clusters with λ > 20.
redMaPPer assigns each galaxy in the vicinity of a cluster a probability of being a cluster member (Rykoff et al. 2014) ; the redMaPPer member catalog includes all galaxies with a probability of at least 1% of being a cluster member with the corresponding cluster to which they likely belong . It should be noted that redMaPPer primarily selects red cluster galaxies as galaxies are required to lie on or near the cluster red sequence ); thus we are probing the fraction of red cluster galaxies hosting AGN. Selection of blue cluster galaxies at the level of assigning individual galaxies cluster membership cannot be done robustly from photometry alone. For high-luminosity AGN in particular (LX 10 44 erg s −1 ) the selection of red galaxies is expected to lead to some incompleteness in the AGN sample as their visible-wavelength counterparts are more likely to be blue (e.g. Martini et al. 2013) .
In terms of aperture, redMaPPer determines a radial cut for detected clusters which scales with cluster richness, and the member catalog tabulates cluster member galaxies within this aperture. In this way, richer, more massive clusters are properly assigned larger radii. The radial cut and its scaling with richness are determined to minimize scatter in richness relative to other mass proxies (see Rykoff et al. 2012) ; thus, this radius is not directly analogous to an overdensity radius such as R200m 2 . However, the redMaPPer radius, R λ does cover a significant fraction of R200m ranging from R λ ∼ 0.5 − 2R200m, depending on cluster richness and redshift (see the mass-richness relation of (Simet et al. 2016 ) and the definition of R λ in (Rykoff et al. 2012) ).
For our analysis, we consider all galaxies in the member catalog with luminosities greater than 0.5L * in z-band. The member catalog extends to somewhat lower luminosities, but this cut ensures that the galaxy catalog is complete out to the highest redshifts considered for our cluster sample. Here L * (z) is calculated using a Bruzual & Charlot (2003) model to find the magnitude of a galaxy with a single burst of star formation at z = 3 with solar metallicity and Salpeter IMF and normalized to match the m * (z) relation for the SDSS redMaPPer catalog at z = 0.2 . As discussed in Section 4, the number of cluster AGN and the number of cluster galaxies sampled are properly modulated by their redMaPPer membership probabilities in determining the fraction of cluster galaxies hosting X-ray active AGN. In total, more than 400 clusters and more than 6000 cluster galaxies brighter than 0.5L * fall within the Chandra observations used in our analysis.
X-RAY DATA REDUCTION AND ANALYSIS
We consider 103 archival Chandra ACIS-I or ACIS-S observations within the regions covered by DES SV 3 . The data were reduced using standard analysis procedures using CIAO version 4.7 (Fruscione et al. 2006) . In brief, the data were reprocessed starting from the level 1 event file to apply the newest gain and charge transfer inefficiency (CTI) corrections and generate observation specific bad pixel files. For observations taken in VFAINT mode, the background cleaning for very-faint mode data was applied. Time periods contaminated by background flaring were detected and removed using the lc clean routine. We use wavdetect, a wavelet source detection tool available in CIAO which accounts for the point spread function of off-axis sources to determine the number of point sources in the energy range 0.3-7.9 keV in each observation; these point source lists form the basis of our AGN candidates.
For each X-ray observation we cross matched detected X-ray point sources to DES redMaPPer cluster member galaxies using a 2" match radius 4 . X-ray sources were checked visually to ensure that they were truly point-like rather than associated to the core of an X-ray bright cluster. This led to an initial sample of 160 X-ray point sources associated to cluster member galaxies. We estimate the X-ray luminosity of each source in the rest-frame 0.3-7.9 keV band based on its observed count rate and assuming a power law spectrum with a photon index of Γ = 1.7 and correcting for Galactic absorption; redshifts are taken to be the redMaPPer determined photometric redshift of the host cluster. Source count rates are determined in a circular region centered on the source with radius ranging from 4-25" depending on position on the detector to account for the larger Chandra PSF at larger off-axis angles. Background count rates are estimated using a local annular background region with inner radii matching the source outer radius and outer radii ranging from 8-40". Sources with a signal-to-noise ratio below 3 were eliminated from our sample. To probe galaxies that undergo a similar evolution, we eliminated galaxies with and without AGN whose positions were located in the centers of their galaxy cluster as determined by redMaPPer. In this way, we are probing AGN activity in satellite galaxies rather than central galaxies whose evolution is likely different. Additionally, eliminating these sources concurrently reduces the chance that wavdetect mistakenly detected the diffuse emission of the cluster core as a point source. Outside of the central AGN, X-ray detected AGN in clusters have luminosities similar to local Seyfert and LINER galaxies.
To ensure uniform depth in the X-ray across the redshift range probed and given the varying depth of the archival X-ray observations, we made an additional cut on X-ray luminosity, limiting the sample to sources with LX > 10 43 erg s −1 (0.3-7.9 keV band, rest frame). After making cuts on X-ray luminosity, host galaxy luminosity brighter than 0.5L * at the cluster redshift, eliminating central galaxies and those with low signal-to-noise, we obtained a final sample of 33 AGN detected in a sample of more than 5600 galaxies. The properties of redMaPPer cluster galaxies hosting the 33 AGN in our sample are listed in Table 1 . Of the original 160 X-ray point sources associated red-sequence cluster members, 45 are in galaxies which do not meet our z-band luminosity cut, 8 are central sources or associated to the redMaPPer central galaxy, 70 have LX < 10 43 erg s −1 , and 4 have low signal-to-noise. Below z < 0.4, we are complete to X-ray AGN down to lower luminosities of LX > 10 42 erg s −1 ; for 0.1 < z < 0.4 there are 15 additional AGN with 10 42 < LX < 10 43 erg s −1 hosted by non-central galaxies of sufficient brightness to be included in our sample. We will briefly discuss the AGN fraction including these sources when considering a possible trend in AGN fraction with richness, though we do not find that this changes our main conclusions.
AGN FRACTION
The AGN fraction is simply defined as the fraction of cluster galaxies which host X-ray active AGN. In order to determine the AGN fraction, we first need to know how many cluster galaxies were actually sampled by the Chandra observations considered. We also need to properly account for the probability that a given redMaPPer candidate cluster member galaxy is actually associated to a cluster. Taking the redMaPPer catalog of cluster members within a radius R λ and brighter than 0.5L * , we determined which galaxies fell within the field-of-view of an archival Chandra observation. As the Chandra ACIS data is not of uniform depth across the field, we further examined the exposure maps for each observation to ensure that the depth at each galaxy position was sufficient to detect an AGN of LX = 10 43 erg cm −2 s −1 at the redshift of the cluster. Each galaxy is assigned a probability of being a cluster member by redMaPPer. The total probability of a galaxy being a member of a given cluster is the product of the membership probability times the probability that the galaxy under consideration is not a member of a higher ranked cluster (pfree). We use this total probability, though in practice >75% of our AGN host galaxies have pfree = 1 and all but one have pfree > 0.9. The number of cluster AGN in a given redshift or richness bin is calculated as the sum of the membership probabilities of the AGN host galaxies; the fraction of cluster galaxies hosting AGN is then this sum divided by the sum of the membership probabilities of all galaxies within Chandra observations of sufficient depth in the same redshift or richness range. The variances on the number of cluster AGN and number of total cluster galaxies are likewise calculated from the membership probabilities based on the variance of the Bernoulli distribution as
where the sum runs over all AGN host galaxies or all cluster galaxies in the sample under consideration, respectively, and these errors are then propagated into the error on the AGN fraction.
RESULTS AND DISCUSSION
We now investigate how the fraction of cluster galaxies hosting AGN depends on cluster redshift and richness. Our main results are summarized in Table 2 Table 1 . Properties of galaxies hosting X-ray detected AGN in the redMaPPer SVA1 expanded catalog which meet our X-ray and optical luminosity completeness cuts (L X > 10 43 erg s −1 and host galaxy luminosity brighter than 0.5L * in z-band). Columns 3-5 give the redshift, ID, and richness of the host cluster from the redMaPPer catalog. The photometric redshift uncertainty is σz/(1 + z) ∼ 0.01 over most of the redshift range probed rising to ∼ 0.02 at the highest redshifts . The product of columns 6 and 7 give the probability that the AGN host galaxy is a member of the cluster as discussed in §4. Column 8 gives the projected radial distance of the host galaxy from the redMaPPer determined central cluster galaxy, and column 9 gives the X-ray luminosity assuming a power law spectrum with a slope Γ = 1.7. 0.1 < z < 0.4, 0.4 < z < 0.7, 0.7 < z < 1.0. For these bins and including clusters of all richnesses the AGN fraction increases by a factor of 8.3 between the lowest and the highest redshift bins, and the high redshift AGN fraction (0.7 < z < 1.0 ) is greater than the low redshift AGN fraction (0.1 < z < 0.4) at 3.6σ. To separate the trend in redshift from any dependence of AGN fraction on cluster mass, we also look at the AGN fraction for low (5 < λ < 20) and high richness (λ > 20) clusters separately. A λ = 20 cluster has a mass of M500 ∼ 10 14 M⊙ while a λ = 5 cluster has a mass of M500 ∼ 2 × 10 13 M⊙ ). In terms of velocity dispersion, λ = 20, the boundary between our low and high mass bins, corresponds to a cluster with σv ∼ 500 km s −1 (Farahi et al. 2016) ; this corresponds well to the division between group and cluster scale systems in Arnold et al. (2009) . The steep increase in AGN fraction with redshift is also present in the low and high-richness systems separately with a significance better than 2σ for the groups and better than 3σ for the clusters. Thus the trend of a larger fraction of cluster galaxies hosting X-ray AGN at higher redshifts holds regardless of cluster mass.
As can be seen in Figure 1 , most of the evolution in the AGN fraction occurs for clusters at the highest redshifts in our sample with little or no evolution between the lowest redshift and intermediate redshift bins. The increase in cluster AGN activity at increased redshift is similar to previous results (Eastman et al. 2007; Martini et al. 2009 Martini et al. , 2013 . For example, Martini et al. (2009) find an increase by a factor of 7-8 in the cluster AGN fraction over a similar, though slightly broader redshift range (0.05 < z < 1.3) with most of the increase stemming from clusters at z > 0.6. This study employs similar X-ray luminosity (LX > 10 43 erg s −1 , 2-10 keV) and optical galaxy magnitude cuts (M * R (z) + 1) as our work. Figure 3 compares our results on the AGN fraction evolution to those of Martini et al. (2009) and Martini et al. (2013) ; here we plot the AGN fractions only for higher-richness, λ > 20 redMaPPer clusters as the samples of Martini et al. (2009 Martini et al. ( , 2013 include primarily relatively massive systems. Within the uncertainties, our AGN fractions are in excellent agreement with these previous studies despite the different selection of clusters and cluster galaxies. Even with the very small area and thus limited cluster sample from DES SV the uncertainties on our AGN fractions are comparable to or better than previous results. Upcoming Year 1 through Year 3 DES cluster samples will allow us to trace the evolution in cluster AGN populations with unprecedented precision. An additional advantage of the current study is the uniform cluster and cluster Table 2 . AGN fraction results. Columns 3 and 4 list the AGN fraction and 1σ uncertainty in three redshift bins (0.1 < z < 0.4, 0.4 < z < 0.7, and 0.7 < z < 1.0) for varying cluster richness cuts. Columns 5-7 give the number of AGN, number of galaxies, and number of clusters in each bin. Note that these raw numbers have not been adjusted by the galaxy membership probabilities. The membership probabilities have been correctly accounted for in calculating the AGN fractions. member selection afforded by the DES data as well as the extension to lower richness/mass systems compared to previous work. Table 2 and Figure 1 also show that the AGN fractions in each redshift bin for our sample are comparable for high and low richness clusters, which implies that the fraction of galaxies hosting AGN is not heavily dependent on the cluster mass. This is evident in Figure 2 , which shows the AGN fraction for high (λ > 20) and low richness (5 < λ < 20) clusters at all redshifts and separately at low (z < 0.5) and high (z > 0.5) redshifts. There is no statistically significant difference in the AGN fractions in low and high richness systems at any redshift. Table 3 lists the AGN fractions for high (λ > 20) and low richness (5 < λ < 20) clusters in our lowest redshift bin (0.1 < z < 0.4) including AGN down to LX > 10 42 erg s −1 . While the AGN fraction in low richness systems seen here is mildly higher (by ∼ 40%) this difference is not significant given the uncertainties.
The lack of an observed trend in AGN activity with cluster mass is contrary to previous observations claiming a higher AGN fraction in lower mass systems (Sivakoff et al. 2008; Arnold et al. 2009; Oh et al. 2014) . For example, Arnold et al. (2009) find that groups at very low redshifts (0.02 < z < 0.06) have an AGN frac- tion a factor of two higher than clusters at mild significance (85%), while Oh et al. (2014) finds a similar factor of two difference in the AGN fractions of groups and clusters at higher redshifts (z ∼ 0.7). A mild, factor of two difference in AGN fraction between lower and higher mass systems is allowable within our errors bars, but there are also major differences between these previous studies and ours. Arnold et al. (2009) considers groups at lower redshifts than our sample and AGN with X-ray luminosities up to two orders of magnitude fainter than we use here (LX > 10 41 erg cm −2 s −1 ); Oh et al. (2014) also considers fainter AGN at high redshifts than our study (LX > 10 42 erg cm −2 s −1 ), and both papers sample X-ray selected groups. X-ray selection requires a dense, collapsed system such that there is detectable emission from a hot intragroup medium and may not select systems with similar dynamical states to selection based on galaxy content, particularly at the low-mass end. For example, in a small sample of low-redshift, low-mass groups selected via optical spectroscopy, Shen et al. (2007) find indications of a high fraction of optical emission-line selected AGN and a lower fraction of X-ray AGN compared to X-ray luminous groups.
If galaxy-galaxy mergers contribute significantly to the presence of AGN activity, one might expect a larger AGN fraction in group scale systems where the smaller velocity dispersions of Table 3 . AGN fraction at low redshifts (0.1 < z < 0.4) including sources down to lower X-ray luminosities of L X > 10 42 erg s −1 ; all other cuts are the same as in Table 2 . Columns 3 and 4 list the AGN fraction and 1σ uncertainty for two bins in cluster richness. Columns 5-7 give the number of AGN, number of galaxies, and number of clusters in each bin. Note that these raw numbers have not been adjusted by the galaxy membership probabilities. The membership probabilities have been correctly accounted for in calculating the AGN fractions. galaxy members make them more susceptible to mergers. In particular, a higher merger rate could significantly enhance the number of high-luminosity AGN (e.g. Hopkins et al. 2008) . In contrast, our present results, if verified by a larger sample, would suggest that galaxy mergers are not significant enough to enhance AGN activity in these systems (see also Villforth et al. 2014) . With the order of magnitude larger cluster samples soon to be available from DES Years 1-3, we expect to be able to conclusively test the correlation of AGN activity with cluster mass. Given the overlap with existing Chandra data we expect to sample a factor of 10-20 more clusters with these data. As discussed in §2, cluster members in our study are selected to lie on or near the red-sequence, and therefore our AGN sample does not include AGN hosted by bluer cluster galaxies. Interestingly, Figure 3 shows that the AGN fractions we measure are consistent within the uncertainties with previous studies where cluster membership was primarily determined based on spectroscopy. X-ray detected AGN in the field tend to be detected in redder, more massive galaxies than the total galaxy population at the same redshifts; however, compared to galaxies of similar stellar mass, X-ray AGN hosts have a similar distribution of colors (e.g. Brandt & Alexander 2015; Bongiorno et al. 2012; Rosario et al. 2013 ). The fraction of blue versus red galaxies hosting X-ray AGN in clusters is less clear as there is little data in the literature at similar redshifts to our study. At somewhat higher redshifts than those considered here (z = 1 − 1.5), Martini et al. (2013) find that about half of their 11 X-ray detected, cluster AGN have blue host galaxy colors. In general, high-redshift clusters contain a higher fraction of blue galaxies than low-redshift clusters with the blue fraction reaching roughly 50% at z = 1 (e.g. Hennig et al. 2016) , and in fact, the AGN fraction and the fraction of star-forming galaxies in clusters increase with redshift at similar rates (Martini et al. 2013) . If the fraction of blue cluster galaxies is similar to the fraction of cluster AGN in blue galaxies then the total AGN fraction will not change substantially by including these sources, which is at least qualitatively consistent with what we find. What is clear is that the fraction of red cluster galaxies hosting AGN increases substantially with redshift, and both the AGN fractions and the rate of evolution we find are similar to previous studies.
CONCLUSIONS
We study the X-ray luminous AGN populations in clusters of galaxies observed in DES Science Verification. Specifically, we search for X-ray point sources in archival Chandra data associated with cluster member galaxies from the DES SVA1 expanded cluster catalog for clusters over a large richness/mass range. Using a sample of 33 X-ray detected AGN associated with red-sequence cluster member galaxies meeting our X-ray and optical luminosity completeness cuts (LX > 10 43 erg s −1 and host galaxy luminosity brighter than 0.5L * in z-band), we find that the fraction of cluster galaxies hosting AGN increases strongly with redshift. The AGN fraction increases sharply to about 1% for z > 0.7 with mild to no evolution at lower redshifts. Our results are in good agreement with previous studies using smaller cluster samples (Eastman et al. 2007; Martini et al. 2009 Martini et al. , 2013 . The increase in AGN activity in clusters mirrors the increase in star formation in cluster galaxies over the same redshift range (e.g. Butcher & Oemler 1984; Poggianti et al. 2006; Saintonge et al. 2008; Haines et al. 2009; Erfanianfar et al. 2014 ). We do not, however, find any significant trend in AGN fraction with cluster richness in any redshift bin.
The strong increase in the cluster AGN population with redshift is a systematic effect that may have important implications for cluster selection in X-ray, e.g. for the future eROSITA mission (Merloni et al. 2012) , and via the Sunyaev-Zeldovich Effect for radio-loud AGN (Gupta et al. 2016; Kosyra et al. 2015) . The data employed here represent only ∼ 4% of the area that will be covered by the full DES survey; with the full survey we will thus be able to trace with high accuracy cluster AGN populations and their correlation to mass and redshift.
